The appreciation of the real exchange rate over the past several years is considered one of the key drivers behind the weak performance of Colombia's manufacturing sector in recent years. This paper examines the effects of the real exchange rate, external and domestic demand, and structural changes on firms' profitability in Colombia's manufacturing sector between 2000 and 2012. While export intensive companies have suffered lower profit growth with real exchange rate appreciation,we find no strong evidence that real appreciation has, on average, negatively affected the profitability of manufacturing firms; on the contrary, we find that real appreciation may have increased firms' profitability by reducing the cost of imported inputs as Colombian manufacturing firms become more domestically oriented. At the same time, some structural changes (related to trade disruption with Venezuela and increased trade competition from China) seem to partially explain the weakness of the manufacturing sector since 2008. JEL Classification Numbers: L25, L60, O14, O24
I. INTRODUCTION
Colombia's manufacturing sector has performed relatively poorly since 2008. Real GDP grew, on average, by 4 percent between 2008 and 2013 despite the global financial turmoil of 2008-09, due to favorable commodity prices and Colombia's strong economic policy framework. At the same time, Colombia's manufacturing sector output grew only by 0.2 percent on average. As a result, the share of manufacturing in percent of real GDP has declined from 14 percent at the end of 2007 to 11 percent in 2013. The contraction of the manufacturing sector relative to the overall economic activity was more pronounced during the cyclical downturns. The manufacturing sector contracted by four percent during the global financial turmoil, even though the growth of the overall economy remained positive. Similarly, the manufacturing sector contracted fairly sharply between the second half of 2012 and the first half of 2013, when overall economic activity grew at the average pace of 3 percent (y/y).
Several possible explanations have emerged to explain the weakness of the manufacturing sector since 2008. The main policy concern has been the overvaluation of the real effective exchange rate which may have hampered the competitiveness of the manufacturing sector; 2 Colombia's peso has appreciated sharply in real terms against the U.S. dollar in recent years. Alternative explanations for manufacturing sector performance include weak external demand for Colombia's manufacturing products as well as structural changes induced by international trade. In particular, trade disruption with Venezuela and increased imports from countries such as China and Mexico may have contributed to the contraction of Colombian manufacturing output. Finally, other competitiveness issues, including high labor costs and poor infrastructure, have long been regarded as key obstacles for the growth of the manufacturing sector.
2 Economic literature has pointed out that resource rich countries often experience a phenomenon known as the "Dutch disease," characterized by the loss of competitiveness in non-commodity producing sectors as a result of an overvalued exchange rate. For a comprehensive survey of this literature, see Frankel (2010) . Real GDP Manufacturing Sector Source: Departamento Administrativo Nacional de Estadística (DANE).
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This paper examines the effects of the real appreciation, external and domestic demand, and structural changes related to international trade on the recent performance of the Colombian manufacturing sector. High labor costs and poor infrastructure have existed for quite some time and are therefore unlikely to explain the recent weak performance. However, it is possible that these pre-existing competitiveness issues have made the negative effects of real appreciation and structural changes more acute than they otherwise would have been. Furthermore, recent technological changes may have affected the performance of certain manufacturing industries in Colombia, although identifying the nature of such technological changes and their impact, if any, is beyond the scope of this paper.
To investigate the fundamental relationship between the performance of the manufacturing sector and various factors mentioned above, the paper uses two methods. First, we investigate the aggregate trend of real exchange rate, external demand and the patterns of trade using data from various sources, including the United Nation's COMTRADE and the IMF's World Economic Outlook (WEO) database. Second, we conduct a firm-level analysis using a database with a large number of Colombian manufacturing companies to examine how real appreciation, external and domestic demand, and structural changes affect firms' profit growth. Section II describes the aggregate trend, section III describes the firm-level analysis, and section IV concludes.
II. AGGREGATE TREND OF REAL EXCHANGE RATE AND TRADE

A. Data and Methodology
To construct the real effective exchange rate specific to the manufacturing sector, we use the trade-partner weights taken from the United Nation's COMTRADE database for both exports and imports. The weights were calculated using the average for 2007, 2009, and 2012 , the years that the database seems to have the most comprehensive coverage of manufacturing trade in Colombia. 3 The data on the nominal exchange rate as well as the consumer price index of Colombia and its trading partners are taken from the WEO database. Similarly, the measure of external demand is constructed using the export-weighted real GDP growth of trading partners. In addition, using the COMTRADE database, the paper looks into the structural changes in Colombia's trading partners for both manufacturing exports and imports between 2007, 2009 and 2012. Once we have indentified any major structural changes in trading partners during this period, we investigate which industries have been particularly affected by these changes. We also examine if the structural changes are in fact driven by the real exchange rate dynamics.
B. Real Effective Exchange Rate and External Demand
Colombia's strong policy framework combined with the boom in the commodity sector has strengthened Colombia's exchange rate. Colombia has enjoyed a strong inflow of foreign direct investment over the past several years. These inflows, averaging close to 4 percent of GDP between 2006 and 2012, have allowed Colombia to maintain a balance of payments surplus and to accumulate international reserves. At the same time, Colombia's real effective exchange rate, especially against the U.S. dollar, has appreciated significantly, by over 30 percent between 2006 and 2012. Appreciation of the Colombian peso has raised a concern that the exchange rate may have been a key factor for the relatively weak performance of the manufacturing sector in recent years.
Despite the real appreciation of the Colombian peso against the U.S. dollar, the appreciation of the bilateral real exchange rate since 2008 against most major trading partners has been fairly modest, with the exception of Mexico. As a result, the real effective exchange rate weighted by export trading partners of manufacturing goods remained relatively stable since 2008 (the spike in 2009 was caused by Venezuela). The real effective exchange rate weighted by import trading partner of manufactured goods exhibits slightly sharper appreciation since 2008 due to the larger weight of the United States. In both cases, the visual inspection does not reveal that the real effective exchange rate may be driving the weak performance of the manufacturing sectors since 2008. 
C. Structural Changes Related to International Trade
The data on manufacturing exports point to a structural break around 2008. Manufacturing sector seems to be exporting less and producing more for domestic consumption today compared to several years ago; manufacturing exports in percent of GDP has declined from around 40 percent in 2008 to 26 percent in 2013. Similarly, manufacturing exports in percent of total exports have declined from close to 40 percent in mid-2000s to roughly 20 percent in 2013.
Significant portion of the decline in manufacturing exports in recent years seems to be related to Venezuela. According to COMTRADE database, manufacturing exports (excluding food, beverages and tobacco products) to Venezuela declined from US$4 billion (35 percent of the total) in 2007 to US$1 billion (13 percent of the total) in 2012. 4 The sharp decline largely 4 Even though COMTRADE database seems to have the most comprehensive coverage on Colombia for 2007, 2009 and 2012 , there could be some discrepancies between the official data due to some unreported categories. In particular, the data for 2012 seems incomplete for a small number of manufacturing categories. Since then, however, part of the decline has been offset by an increase in exports to other countries in the region, including Brazil, Ecuador and Peru. Exports to the U.S. have declined from US$1.7 billion in 2007 to US$1 billion in 2012, possibly due to the real appreciation of Colombia's peso vis-à-vis the U.S. dollar. While significant, the magnitude of decline is small in comparison with the drop in exports caused by the trade disruption with Venezuela.
Manufacturing imports have increased significantly since 2009, especially from China and Mexico. According to the COMTRADE database, manufacturing imports from China more than doubled since 2007, from US$3 billion (8 percent of the total) in 2007 to roughly US$8 billion (18 percent of the total) in 2012. Increased imports from China are associated especially with machinery and transport equipment, but also with chemical products, rubber and plastic products, metallic and non-metallic mineral products and textiles. Imports from Mexico also increased during the same period, from US$3 billion in 2007 to US$5 billion in 2012. The increase is mostly associated with machinery and equipment. It is noteworthy that, despite the significant appreciation of the bilateral real exchange rate, the increase in imports from the U.S. was smaller than the increase in imports from China. The research by Carranza, González and Serna (2014) shows that the manufacturing industries that had high level of exports Venezuela were, on average, relatively poor performers even before the trade disruption. In contrast, manufacturing industries that exported to other countries have demonstrated robust growth in recent years. 6 Based on COMTRADE database, manufacturing imports (excluding food, beverages and tobacco products) from the U.S. increased from $6.7 billion in 2007 to $8.2 billion in 2012. Increased imports from China appear unrelated to the real exchange rate dynamics.
To investigate if the recent increase in imports from China is driven by the real exchange rate appreciation, the bilateral real effective exchange rate vis-à-vis the Chinese currency is plotted against total imports from China. The figure highlights that the recent surge in imports did not accompany steady real appreciation of the Colombian peso against the Chinese currency. Therefore, higher imports are more likely to be associated with the increased access by Colombia to Chinese manufacturing products rather than the exchange rate.
Increased imports from Mexico seem to be partly driven by the real exchange rate appreciation. Unlike the case of China, the bilateral real effective exchange rate vis-à-vis the Mexican peso has steadily appreciated since 2008, except in 2013. Accordingly, it seems likely that increased manufacturing imports from Mexico are at least partially driven by exchange rate dynamics, rather than increased access by Colombia to Mexican manufacturing products. The renewal of the Free Trade Agreement with Mexico in 2011 may also have contributed to the higher volume of imports from Mexico after 2011. 
D. International Comparison
Colombia's experience does not seem particularly unusual in the international context. In recent years, many countries in the region, including Brazil, Chile, Mexico, Paraguay, Uruguay and Venezuela, have experienced a reduction in the share of the manufacturing sector. Some Asian countries, such as Indonesia, Malaysia, and the Philippines, have also experienced a decline in the share of manufacturing, although Asian countries generally have a higher share of manufacturing in comparison with Latin American countries. In contrast, some Asian countries such as Korea, Taiwan, and Vietnam have experienced very strong growth in the manufacturing sector relative to real GDP.
III. FIRM-LEVEL ANALYSIS A. Theoretical Model
A simple model is developed to shed light on the key relationship between profit growth and REER at the firm level. Consider a simple short-run model where firms have only one input of production: intermediate inputs, . For simplicity, it is assumed that firms sell the predetermined fraction of the output to the domestic market at the price and export the rest to the world market at the price and the nominal exchange rate, . The profit maximizing firms decide the optimal level of output by choosing that would solve the following problem:
( , ) and ( ) 
The production function has the standard property (i.e., ( ) 0 , where . Real appreciation (lower ) would drive down the price of imported substitutes in domestic currency, pressuring the domestic price to fall (i.e., ( ) 
The first term explains the rise in profits associated with import substitution. Real depreciation would raise the price of imported substitutes, making domestic products more profitable in the domestic market. The second term explains the rise in profits associated with higher export revenue through real depreciation. The last term explains the higher costs of imported intermediate inputs.
For firms that only produce for domestic market (i.e., 
For these firms, the effect of real deprecation is negative if the pass-through of real exchange rate to domestic price is low (i.e., e  is small).
B. Data and Empirical Specification
Colombia's Superintendence of Corporations (Superintendencia de Sociedades) collects a large amount of data on financial and income statements from private corporations that satisfy certain threshold asset levels, and it makes some of this information publicly available. 7 The database used for this analysis consists of an annual unbalanced panel data from 2000 to 2012 for about 4,850 manufacturing firms. The database does not cover large 7 The Superintendence of Companies exercises inspection, monitoring and control of commercial companies, branches of foreign companies and sole proprietorships that are not listed in stock exchange (the corporations that are listed in stock exchange are supervised by other superintendents) and whose assets exceeds 500 times the minimum monthly legal wage. The minimum monthly legal wage is set each year by the government and was 589,500 pesos (US$315) in 2013. As a result of this criterion, some corporations whose assets are close to the threshold may leave the database one year (if the assets fall below the threshold) and enter again the following year (if the assets rise above the threshold).
publicly listed companies that are generally most export intensive. 8 In the subsequent analysis, the firm-level data was complemented with various industry and aggregate time series data. In particular, the measures of real effective exchange rate and external demand are constructed at the 2-digit industry level, while aggregate time series data is used for domestic demand and interest rate.
The following regression specification is used to investigate the factors affecting the profitability of manufacturing firms:
The regressions include firm-level fixed effects. 
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In the second regression, U.S. real GDP growth is added. In the third regression, we also included the growth of import-weighted REER for each industry in order to investigate the import substitution effects through REER. The observations with very large real growth of profits (300 percent in absolute terms) are excluded from the regressions, as those large movements are unlikely to be explained by the simple specification given above. 12 We note that the aggregate shocks that are not captured by the right-hand side variables (i.e., domestic real GDP growth, domestic interest rate and external demand) could be the source of endogeneity in explaining the relationship between firm-level profit growth and the REER growth at the 2-digit industry level. The direction of the bias could be positive or negative, depending on the nature of the omitted variables.
C. Results
The results show that the coefficient on REER is significant, but has an unexpected sign (Table 1) . If real appreciation has contributed to the contraction of the manufacturing industry through reduced competitiveness, one would expect a positive coefficient on REER (i.e., the depreciation promotes profit growth). However, the negative sign in the regressions indicates that real appreciation increases manufacturing firms' profit growth on average. In fact, real profits grew by 0.3 percent on average in response to the appreciation of REER by one percent. This relationship may be caused by the presence of imported intermediate inputs, to the extent that export-weighted REER (at ISIC 2-digit level) is correlated with the REER for intermediate inputs.
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The effect of domestic demand is positive and significant. The results of the first regression show that, on average, one percent increase in Colombia's real GDP increases profit growth by 2.7 percent. The results also show that the effect of external demand is generally positive, but weak as the coefficients are not significant. The weak correlation may be caused by the construction of the external demand index as the weights are not variable over time.
14 Surprisingly, the effect of the domestic interest rate is positive and significant. Given that the results may be driven by certain omitted variables, the growth rate of U.S. real GDP is included in the second regression. However, the coefficient on the interest rate remained positive and significant. Furthermore, structural changes in trade seem to have affected firms' profit growth. The structural trade dummies both have negative and significant coefficients. Based on the first regression, the profit growth after 2008 was on average 12 percent lower for those industries that were affected by trade disruption with Venezuela. Similarly, the profit growth after 2008 was, on average 8 percent lower for those industries that faced higher competition from Chinese imports.
There is no strong evidence that import-weighted REER reduced manufacturing firms' profits. In the third regression, we included import-weighted REER instead of exportweighted REER in the regression. If the profitability of manufacturing firms has fallen as a result of competition with cheaper imported substitutes (due to real appreciation), the coefficient on this variable should be positive. However, the coefficient is negative and significant. Therefore, we cannot conclude that REER appreciation has reduced manufacturing firms' profitability via import substitution channel.
Despite the negative effect of REER on profit growth, we find that external revenues responded positively to REER depreciation and external demand. The same regressions were run by using real external revenue growth as a dependent variable (Table 2) . 15 The results show the expected positive relationship between REER and external revenue growth: real external revenue grew by 0.3-0.5 percent in response to one percent REER depreciation. Similarly, real external revenue grew by roughly 3 percent in response to one percent growth in external demand. To investigate why REER depreciation negatively affects profit growth despite its positive impact on external revenues, a simple regression was run just using external revenue growth and domestic demand growth (Table 3 ). The results show that external revenue growth affects profit growth positively, and the coefficient is significant, but the magnitude is small. Accordingly, the positive impact of REER depreciation through higher external revenue may be dwarfed by negative effects through other channels, such as the higher cost of imported material inputs. Confirming this, the baseline regressions including only firms with positive external revenues still show the negative effect of REER on profit growth, although the magnitude is smaller and they are no longer statistically significant at the 1 percent level (Table 4) .
We also find that companies with higher share of external revenues suffered lower profit growth with REER appreciation. Even though REER appreciation does not seem to have reduced the profit growth of Colombian manufacturing companies on average, it could have prevented the growth of export oriented companies. To investigate this issue, the export share (i.e., the average share of external revenues in total revenues) for each firm was interacted with REER (Table 5 ). The positive and significant coefficients confirm that the benefits of REER depreciation are larger for firms that are more export oriented. However, the magnitude of the coefficient is relatively small, suggesting once again that the impact of REER on firms' profitability through this channel is rather limited.
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The results hold for most industries, although there is some heterogeneity across industries.
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For each industry, we ran the baseline regressions and compared the coefficients of REER on profit growth across industries (Table 6 ). The first column of the table shows the REER coefficient when export-weighted REER growth is used, while the second column of the table shows the results when import-weighted REER growth is used. For most industries, the coefficient of REER is negative. For some industries-including publishing and printing, rubber and plastic products, fabricated metals, machinery and equipment, motor vehicles, and furniture-the coefficient on REER is negative and significant. The coefficient on REER is positive for some industries, but insignificant in almost all cases. The only industry with a positive and significant REER coefficient is manufacturers of basic metals.
To see how real exchange rate may have affected profit growth with lags through changes in competitiveness in the external markets, the regressions were run with one-year and two-year lagged export-weighted REER (Table 7) . The first four columns use profit growth as a dependent variable, while the last four columns take external revenue growth as a dependent variable. For profit growth, the results show that, except with one year lag, the coefficients are negative and significant. The third column in Table 5 shows that, when one-year lagged REER alone is included in the regression, export-weighted REER depreciation positively affects profit growth and the coefficient is statistically significant at the one-percent level. At the same time, external revenue growth does not have any statistically significant relationship with one-year lagged export-weighted REER. The difference may be partly driven by the fact that external revenue growth became a less powerful indicator of profit growth after 2007, as the share of the companies with external revenues dropped.
Similarly, to examine how real exchange rate may have affected profit growth with lags through import substitution, the regressions were run with one-year and two-year lagged import-weighted REER (Table 8) . Here again, when one-year lagged REER alone is included in the regression as shown in the third column, import-weighted REER depreciation positively affects profit growth and the coefficient is statistically significant at the onepercent level. Nonetheless, when all REERs with and without lags are included as shown in the first column, the coefficient on one-year lagged REER becomes smaller. Overall, we do not find robust evidence that real exchange rate affects profit growth through import substitution with one year lag.
D. Further Research
These results, however, do not suggest that real exchange rate appreciation is irrelevant for the development of the manufacturing sector. A persistent overvaluation of real exchange rate could reduce the size of the manufacturing sector over time through weakened competitiveness in the external markets as well as import substitution in the domestic markets.
18 This paper did not look into the long-term effects of real exchange rate appreciation, as it is focused on the manufacturing sector performance during the relatively short period between 2008 and 2012. In addition, the negative effects of real appreciation may appear gradually over time through lower investment. The paper also did not look into this channel, but the issue will be left for future investigation.
IV. CONCLUSION
This paper looked into the effects of the real exchange rate, external and domestic demand and structural changes on Colombia's manufacturing sector in recent years, in order to better understand its relatively weak performance since 2008. The paper investigated this issue in 18 Clavijo, Fandiño and Vera (2014) , for instance, find a support for the Dutch disease hypothesis during the 1970-2010 period using the VEC model. two stages: first, by examining the aggregate trend of real exchange rate and external demand, as well as structural changes induced by international trade; and second, by analyzing the fundamental relationship between firms' profit growth and key variables between 2000 and 2012 using a database with a large number of manufacturing firms.
Examination of the aggregate trend of the real exchange rate show that despite a strong real appreciation of the Colombian peso against U.S. dollar, real effective exchange rate appreciation for manufacturing exports since 2008 has been fairly modest. At the same time, there have been some significant structural changes in the international trade of manufacturing products. First, exports of manufacturing goods to Venezuela declined sharply after 2008 following deterioration in their trade relations. Second, imports of manufacturing goods from China and Mexico increased significantly. Increased manufacturing imports from China have not been driven by the real effective exchange rate, but rather, it seems to be largely driven by increased access to Chinese manufacturing products.
The results of the firm-level analysis show no strong evidence that real exchange rate appreciation negatively affected manufacturing firms' profitability during this period. On the contrary, we find that real appreciation may have increased firms' profitability by reducing the cost of imported inputs as Colombian manufacturing firms become more domestically oriented. At the same time, the regression results show that export intensive companies suffered lower profit growth with real exchange rate appreciation in comparison with the companies that exported less. The results of the firm-level analysis also show that structural changes caused by trade disruption with Venezuela and greater competition from China seem to have reduced the average profitability of those firms in the affected industries.
Persistent real exchange rate appreciation can certainly be detrimental to the growth of manufacturing industries as demonstrated by the economic literature on the Dutch disease phenomenon. At the same time, these results seem to suggest that policies to improve the overall competitiveness of the manufacturing sector in Colombia should also aim at productivity enhancing measures, including labor market reform and infrastructure improvements. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 All regressions include firm-level fixed effects. The observations with very large real growth of profits (above 300 percent in absolute terms) and external revenues (above 1000 percent) are excluded. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 All regressions include firm-level fixed effects. The observations with very large real growth of profits (above 300 percent in absolute terms) and external revenues (above 1000 percent) are excluded. Notes: *** p<0.01, ** p<0.05, * p<0.1 For each industry, regressions with the baseline specification were run. The first column of the table shows the coefficient on REER for each industry when export-weighted REER growth is used. Similarly, the second column of the table shows the coefficient on REER when import-weighted REER growth is used instead. The observations with very large real growth of profits (above 300 percent in absolute terms) are excluded. Notes: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 All regressions include firm-level fixed effects. The observations with very large real growth of profits (above 300 percent in absolute terms) and external revenues (above 1000 percent) are excluded. 
